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ABSTRACT 



The location information can be rapidly restored in a home 
location register HLR and occunence of abnormal traflSc at 
the time of restoring the contents of the home location 
register can be prevented. A location registration request to 
the base stations located in the location registration area 
associated with the home location register is issued when the 
location information stored in the register should be 
restored. The base stations receive the location registration 
request, and send the broadcast information including loca- 
tion registration executing request information. The mobile 
stations execute the location registration process upon 
receipt of the location registration executing request. In this 
case, the mobile stations are arranged in a plurality of groups 
in order to avoid a situation in which a large number of 
mobile stations concurrently execute the location registra- 
tion process. The location registration process is executed 
for each group at respective, different timings in order. 

11 Claims, 13 Drawing Sheete 
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LOCATION REGISTRATION METHOD FOR 
MOBILE RADIO COMMUNICATION 
SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to location registration 
methods for mobile radio communication systems, and more 
particularly, to a location registration method directed to a 
situation in which a fault occurs in a memory device (home 
location register: HLR) which stores and manages informa- 
tion concerning the locations of mobile stations and thus the 
location information is lost. 

In a mobile radio commumcation system, base stations 
broadcast common inforniation such as a location registra- 
tion area number to all mobile stations located within cells 
thereof. The mobile stations refer to the broadcasted 
information, and watch whether they move to location 
registration areas different from those in which the mobile 
stations are located at present. Then, the mobile stations send 
location registration signals to a mobileservices switching 
center via the base stations, if the mobile stations move to 
the different location registration areas. On the basis of the 
received location registration signals, the mobile services 
switching center registers, in a home location register HLR, 
subscriber data on the mobile stations and location infor- 
mation indicating location registration areas in which the 
mobile stations are located. When a gateway mobileservices 
switching center receives a call directed to a mobile station, 
it looks up the location information stored in the home 
location register HLR, and identifies a mobileservices 
switching center corresponding to the location registration 
area in which the called mobile station is located. Then, the 
gateway mobileservices switching center causes the identi- 
fied mobileservices switching center to perform simulta- 
neoiis paging through a plurality of base stations located 
within the location registration area in which the called 
mobile station is located. 

FIG. 11 sdiematically shows a mobile radio communica- 
tion system. Mobile stations MS^-MS^ are terminals which 
can perform two-way radio communications with base sta- 
tions BSj-BSg, respectively. The base stations BSj-BSg can 
communicate with the mobile stations MS^-MSg located 
within radio zones or cells C^-Cg formed around the base 
stations BS^-BSg, respectively. The radio zones C^-Cj of 
the base stations 68^-683 form a location registration area 
(or a simultaneous paging area) PRA^, and the radio zones 
Q-Cg of the base stations 684-68^ form another location 
registration area (a simultaneous paging area) PRA2. 

Mobileservices switching centers MSC^-MSC^ have the 
functions of realizing call connecting control and service 
control directed to providing mobileservices. Hie mobileser- 
vices switching center MSC^ is connected to the base 
stations BS1-BS3 and the mobileservices switching center 
MSC2 is connected to the base stations BS4-BS6. A gateway 
mobileservices switching center GS accepts, from another 
network, calls directed to its own network subscribers or 
calls directed to roaming subscribers, and is connected to the 
mobileservices switching centers MSC1-MSC2 located 
within its own network through communication lines. 
Further, the gateway mobileservices switching center GS is 
connected to a home location register HLR via a control 
signal line in order to make inquiries of the location infor- 
mation. 

The home location register HLR is a database which 
stores subscriber data and location information on the 
mobile stations MS^-MS^ located in the location registra- 



3,038 Bl 

2 

tion areas PRAi-PRA2. The mobileservices switching cen- 
ters MSC^-MSCj receive the location registration signals 
from the mobile stations MS^-MSg, so that the contents of 
the home location register HLR can be updated and new 
5 subscriber data and/or location information can be registered 
herein. 

If a call directed to the mobile station MS^ is received, the 
home location register HLR is referred to, and the simulta- 
neous paging is carried out by all the base stations BS^-BSj 
10 forming the location registration area PRA^ in which the 
called mobile station is located. A backup memory HLR* 
backs up the contents of the home location register HLR. 

FIG, 12 schematically shows a location registering and 
call receiving sequence in the mobile radio communications. 

The base stations BS^-BSj notify, by using the broadcast 
information, the mobile stations MS^-MSj of information 
concerning location registration. When the mobile station 
M83 (see FIG. 11) which is located in the location registra- 
tion area PRA^ moves to the location registration area PRA2, 
as shown in FIG. 13, the mobile station M83 detects a 
change of the location registration area by referring to the 
information broadcasted from the base stations 684-68(5. 
Thus, the mobile station MS3 transmits the location regis- 
tration signal, which is sent to the mobileservices switching 
center MSC^ via any of the base stations 684-68^. The 
mobileservices switching center MSC2 executes a certifying 
process upon receiving the location registration signal. If the 
result of the certifying process is affirmative, the mobileser- 
vices switching center M8C2 instructs the home location 
register HLR to register a routing number directed to the 
switching center MSCj and the location information indi- 
cating the location registration area in which the mobile 
station M83 is located, and sends a location registration 
admission signal back to the mobile station MS3. Then, the 
above location registration sequence executed when the 
mobile station moves to another location registration area is 
ended. 

When the gateway mobileservices switching center G8 

4Q receives a call directed to the mobile station M83, the 
switching center G8 extracts the subscriber identification 
number (mobile station identification number) of the mobile 
station MS3 from the received dial number. Then, the 
mobileservices switching center GS reads the location infor- 

45 malion (routing number) concerning tl» mobile station MS3 
from the home location register HLR on the basis of the 
extracted subscriber number, and sets a line to the mobileser- 
vices switching center M8C2 indicated by the routing num- 
ber. Hence, the mobileservices switching center MSC2 

50 instructs all the base stations 684-685 in the location 
registration area PRA2 to perform the simultaneous paging. 
In response to the simultaneous paging, the mobile station 
MS3 sends an acknowledgement signal to the mobileser- 
vices switching center MSCj via one of the base stations 

55 684-685. In response to the acknowledgement signal, the 
mobile services switching center MSC2 sets up an idle 
communication channel TCH by a well-known process. 
Hence, the channel connection is established. 

Hence, even if the mobile station moves to anywhere, the 

60 location information concerning the location registration 
area in which the mobile station is located can be updated 
and validated in the home location register HLR. Thus, calls 
directed to mobile stations from another network can be 
accepted. 

65 When the home location register HLR is resUrted due to 
a certain factor such as a fault which occurs therein, all the 
contents thereof are reset. Hence, a maintenance station 
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copies the contents of the home location register HLR to the executing request information; determining, in mobile sta- 

backup memory HLR' at predetermined time intervals. The tions v^^ich receive the location regisU^ation request, respec- 

location information can be restored in the home location tive start timings at which execution of the location regis- 

register HLR by using the backup information. However, the tration is started on the basis of identification numbers (for 

restored location information is only location information 5 example, mobile station identification numbers), each spe- 

available at the restored time, and does not correctly indicate cifically assigned to and held in respective mobile stations; 

the real locations of the mobiles at the present time. Hence, and sending the location registration signals from the mobile 

the location information correctly indicative of the real stations at the respective start timing?. That is, the mobile 

locations of the mobile stations cannot be restored in the stations execute the location registration at the different 

home location register HLR after it is restarted. In this case, lO timings. Thus, it is possible to prevent abnormal trafSc from 

calling of the mobile stations may fail. There are three occurring when the contents of the home location register 

conventional methods in order to modify the restored loca- HLR are restored and to eflSciently utilize the system 

tion information in the home location register HLR and resources. 

correctly reflect the current situation. The first method is to xhe above objects of the present invention are also 
wait for sending of the location registration signals from the is achieved by: issuing, when the location information stored 
mobile stations. The second method is to wait for the in the home location register HLR should be restored after 
location registration signals sent when the mobile stations a fault occurs, a location registration request to the base 
moves to different location registration areas. Hie third stations located in a location registration area associated 
method is to prepare a particular message for requesting with the home location register HLR; sending, from the base 
location registration in the air protocol. 20 stations which receive the location registration request, the 
However, the first and second methods have a disadvan- broadcast information including location registration 
tage in that the location information caimot be rapidly executing request information at prcdetermined time inter- 
restored in the home location register HLR. The third vals in order; and sending the location registration signals 
method has a disadvantage in that there is a need to provide from the mobile stations which receive the location regis- 
a particular message in the air protocol and the related ^ tration executing request information. In the above structure, 
control is complicated. the switching between the base stations which transmit the 

location registration executing request information is carried 

SUMMARY OF THE INVENTION out so that a mobileservices switch center sends the location 

. L- * r ♦u * • *- • * A registration request to the base stations at given intervals in 

An object of the present invention ts to rapidly and ^ ^ .t. t_-. • t. . • i ^• 

^, ^ *!. 1 *• • f • <.u u 1 order, or the mobileservices switch center receives a location 

correctly restore the location mformation m the home loca- • ' • . , i j . , 

.^TTTT>u*i.i ' c registration request acknowledgement irom a base station 

tion register HLR when the location information concermng , . . , ^ . . . , 

.u — u*i . ** * 1 . J, . f 1* .u Ti A .u and thus issues the location registration request to another 

the mobile staUons is lost due to a fault or the uke. Another , . i t -i • i j • 

. . _^ - * c base station. Hence, the mooile stations can be arranged m 

object of the present invention is to prevent occurrence of oiauwu. xivu*-^, luv luwuv oxa^^n^ ^uli ux. anau^vL* lu 

ft,'' 1 * ^ w c • J u r groups and the mobile stations in one of the groups are 

abnormal traffic resulting from an increased number of ^„ ^ , , . i • • 

/ location registration signlls sent when the home location "Uowed to execute the location registration. Hence, it is 

/ •* TTTn • J <x. .urn az^ ii possible to prevent abnormal traffic from occuning When the 

/ register HLR is recovered fix)m the fault and to emciently *^ . /l^ * i • . ttt « \ ^ j, 

h . contents of the home location register HLR are restored and 

utilize the system resources. ^ «= • .i .-v . 

^ to emciently utilize the system resources. 
The above objects of the present invention are achieved _ .... . , . . , 

by: issuing, when location information stored in the home 40 switching between the base stations may also be 

'.iiTnuiJu * jj* fi* earned out by adding the location registration executing 
location register HLR should be restored alter a fault occurs, ..t . . j r 

1 * 4*u **• 1 .J- request to the broadcast information and performing the 

a location registration request to base stations located in a - 7t ^ . - i_ .t. » • ^ . * 

, *• * . J *i. u 1 *• following. That IS, when the location registration request is 

location registration area associated with the home location . , .T? • . 

register HUt; sending, from the base stations which receive j^^ued tobase staUons vm mobileservices switch centers, the 

, ^. ■ * \z * u J * • r *• location registration request is issued to the mobileservices 

the location registration request, broadcast information 45., * j ^ - 

- ij- 1 ■ 4. *-r switch centers one by one in nrst predetermined mtervals m 

mcludmg location registration executmg request mforma- ^jwxi^u^iii^i^ J^T, . ^ . . ^i^iuvm 

J 1 *• • * • 1 .u order. Each of the mobileservices switch centers that receive 

tion; and sending the location registration signals from the , , . . . . 1 , . 

u-i * *• u- u • *u u 1 ** tbe location registration request issues the location registra- 

mobile stations which receive the above location registration ^. ....1 * j j.-j 

executing request information. Hence, the mobile stations '^^^^ ^ ^f,^^ f prcdetermmed 

are requited to execute the location registration, so that the 50 ^^^^^^."^ it is possible to arrange tiie mobile 

location registration can rapidly and coTrectiy be restored in in an mcreased number of groups and to prevent 

the home Lation register HLR. Further, the location reg- j^^^^^J^l *f^^ ^^'^ ^^T^ 

istration executing request information is merely added to ^^^^ ^^^^'^'""l «^ ^^^^^^ 

the periodic location registration information field included ^"^^^^ resources. 

in the existing broadcast information. Hence, there is no 55 ^^^her features and advantages of the present invention 

need to create a newly defined message for indicating the will be apparent from the following description taken in 

location registration and to send and receive it. Thus, the conjunction with tiie accompanying drawings, 

location registration can easily and simply be controUed and DESCRIFnON OF THE DRAWINGS 
can be unplemented. 

The above objects of the present invention are also 60 1 is a diagram of a structure of a mobile radio 

achieved by: issuing, when the location information stored communication system for explaining the present invention; 

in the home location register HLR should be restored after FIG. 2 is a diagram of a location registration sequence 

a fault occurs, a location registration request to the base which is executed at the time of restarting the home location 

stations located in a location registration area associated register HLR according to a first embodiment of the present 

with the home location register HLR; sending, from the base 65 invention; 

stations which receive the location registration request, the FIG. 3 is a diagram showing location registration execut- 

broadcast information including location registration ing request iofonnation; 
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FIG. 4 is a diagram of a location registration sequence (b) Location Registration at the time of Restarting the 

which is executed at the time of restarting the home location Home Location Register according to First Embodiment: 

register HLR according to a second embodiment of the FIG. 2 shows a location registration sequence which is 

present invention; executed when the home location register HLR is restarted 

FIG. 5 is a flowchart of a location registration executing 5 according to the first embodiment of the present invention, 

timing determination process; The management part MG which manages the home 

FIG. 6 is a diagram of a location registration sequence location register HLR executes a restart process for the 

which is executed at the time of restarting the home location register HLR when a fault of the register HLR is removed, 

register HLR according to a third embodiment of the present and sends location registration request messages to the 

invention; related mobileservices switching centers MSC^ and MSC2 

FIG. 7 is a diagram of a location registration sequence process is completed, 

which is executed at the time of restarting the home location Upon receiving the location registration request 

register HLR according to a fourth embodiment of the messages, the mobileservices switching center MSC^ sends 

present invention; the location registration request message to the base stations 

FIG. 8 is a diagram of a location registration sequence ^ BSS1-BSS3 under the center MSC^, and similarly the 

which is executed at the time of restarting the home location mobileservices switching center MSG, sends the location 

register HLR according to a fifth embodiment of the present registration request message to the base stations 6884-688^ 

invention; ^^^^ '^'^ter MSG,. 

FIG. 9 is a diagram of a location registration sequence 20 ^pon receipt of the location registration request 

which is executed at the time of restarting the home location messages, tiie base staUons BSS,-BSS, use, for a given 

register HLR according to a sixth embodiment of the present ^^^^^^^ registration executing request mfor- 

invention* mation which is newly provided, instead of the location 

- J- ^ . i_ registration information periodically obtained by the exist- 

FIG. 10 IS a diagram of a vanation of the sixth embodi- ^ ^^^^^ ^^^^ particularly, each of the base stations 

ment of the present mvention; 25 ^^^^^^^^^ ^^.^^^ ^^^^^^^ registration executing 

FIG. 11 is a diagram schematically showing a mobile request information in a respective location registration., 

radio system; • timer part PRT in broadcast information shown in FIG. 3, 

FIG. 12 is a diagram showing a location registration and and then broadcasts it. 

call receiving sequence; and The location registration timer part PRT consists of eight 

FIG. 13 is a diagram showing a location registration in bits, in which an initial timer value TMl is defined by the 

which the location registration area is changed due to a three lower bits and a repetitive period timer value TM2 is 

movement. defined by the five upper bits. The initial timer value TMl 

specifies the time it takes for each mobile station to execute 

DESCRIPTION OF THE PREFERRED ^jje periodic location registration for the first time after 

EMBODIMENTS power on. The repetitive period timer value TM2 specifies 

(a) Structure of Mobile Radio Communication System: intervals at which the location registration is periodic 

FIG. 1 is a diagram of a structure of a mobile radio ^^^y carried out after the location registration is carried out 
communication system of the present invention. The system Originally, the eight bits of tiie location 
shown in FIG.l includes mobile stations MS-A through 40 registration timer part PRT are not all zero simultaneously. 
MS-E, base stations BSS, through BSS^, mobileservices H^"^®' ^^^^ ^® ^^S^^ bits of the location registration timer 
switching centers MSC^ through MSC^, a gateway part PRT are all 1, the location registration executing request 
mobileservices switching center GS, a home location reg- ^ ^^^0^^ ^ ^^"^8 (LR=ON). In otiier cases where the 
ister HLR, and a management part MG. The base stations ^^^^ ^^"^^ are indicated, the location registration execut- 
BSS,-BSS^ have radio zones C, through C^, respectively. 45 ^ request is defined as being OFF (LR-OFF). 
The radio zones C1-C3 form a location registration area Uponreceiptof tiie location registration executing request 
(roundup area) PRAj, and the radio zones C^-Cg form a information (LR=ON) firom the base stations BSS^ the 
location registration area PRA2. The mobileservices switch- mobile stations MS-A tiirough MS-E send the location 
ing centers MSC^ and MSC^ realize tiie call connecting regish-ation signals. Hence, the conventional location regis- 
control and service control. The mobileservices switching 50 tration sequence is carried out and the location information 
center MSC^ is connected to the base stations BSS1-BSS3,. concerning each of the mobile stations MS-Atiirough MS-E 
and the center MSCj is connected to the base stations ^ registered in the home location register HLR. 
BSS4-BSS6. The home location register HLR is connected The base stations BSSi-BSSg continue to send the loca- 
to the mobileservices switching centers MSC^ and MSC^, tion registration executing requests (LR=ON) until the given 
and stores the subscriber information and location informa- 55 constant time elapses. Hence, the locations of all the mobile 
tion concerning the mobile stations which are located within stations that exist the location registration areas PRA^ and 
the location registration areas PRAj and PRA2. The man- PRA^ are registered in the home location register HLR. 
agcment part MG manages the home location register HLR. When the given constant time elapses, the base stations 
The gateway mobileservices switching center GS accepts BSSj-BSSe retiim the location registration time parts PRT 
calls directed, from another network, to its own network 60 to the original values (the location registration executing 
subscribers or roaming subscribers located within its own request is turned oflp (LR=OFF)). Thus, it is possible to 
network, and is connected to the mobileservices switchmg rapidly and correctly restore the location information con- 
centers MSCj and MSC2 through communication lines. ceming the mobile stations in the home location register 
Further, the gateway mobileservices switching center GS is HLR. 

connected to the home location register HLR via a control 65 The above-mentioned first embodiment of the present 

signal Une in order to make inquiries of the location infor- invention has a possibility that a large number of location 

mation. registration executing requests may concurrentiy be issued 
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by the mobile stations and thus abnonrial traffic may occur. it is possible to prevent abnormal traffic from occurring 
With the above in mind, the following embodiments of the when the contents of the home location register HLR are 
present invention arrange the mobile stations in groups, restored and to efficiently utilize the system resources, 
which are subjected to the location registration in order. (d) Location Registration Executed at the time of Restart- 
Hence, traffic of location registratioa executing requests is 5 ing the Home Location Register HLR according to the Third 
distributed so that the occurrcrK;e of abnormal traffic can be Embodiment: 

prevented. EIG. 6 shows a location registration sequence at the time 

(c) Location Registration Executed at the time of ResUrt- of restarting the home location register HLR according to 

ing the Home Location Register HLR according to the the third embodiment of the present invention. 

Second Embodiment: 10 management part MG executes the restarting process 

FIG. 4 shows a location regisUation sequence which is for the home location register HLR due to a fault, and sends 

executed when the home location register HLR is restarted the location registration request messages to all the 

according to the second embodiment of the present inven- mobileservices switching centers MSCj and MSCj. 

Upon receiving the location registration request message. 

The management part MG which manages the home the mobileservices switching center MSQ sends the loca- 

location register HLR executes the restarting process for the tion registration request messages to the base stations 

home location register HLR, and sends the location regis- BSSi-BSSj, and the mobileservices switching center MSC2 

tration messages to all the mobileservices switching centers sends the location registration request messages to the base 

MSC1-MSC2 after the restarting process is completed. stations BSS^-BSSg. 

Upon receiving the location registration request The base stations BSS1-BSS3 communicate with the 

messages, the mobileservices switching center MSCj sends mobile stations respectively located in the radio zones 

the bcation registration request message to the base stations C1-C3 with different frequencies and different time slots. In 

BSSj-BSSg under the center MSQ, and similarly the order to disperse execution of the location registration, the 

mobileservices switching center MSC2 sends the location ^ location registration area PRA^ is segmented into the radio 

registration request message to the base stations BSS4-BSS6 zones C1-C3 (sector 1-sector 3), and the location regislra- 

under the center MSC2. tion of the mobile stations is carried out in order of sectors. 

Upon receiving the location registration request That is, upon receiving the location registration request 

messages, each of the base stations BSS^-BSSg writes the messages, the base stations BSS1-BSS3 communicate with 

location registration executing request information (LR- 30 each other, and insert the location registration executing 

ON) in the respective location registration timer part PRT in request information (LR=ON) into the broadcast informa- 

the broadcast information (FIG. 3), and broadcasts the tion so that the sending order can be determined, 

broadcast information. Upon receipt of the location regis- Alternatively, the sending order may be determined before- 

tration executing request information (LR=ON) from the hand. 

base stations BSSj-BSSg, the mobile stations MS-A through 35 jhen, the first base station BSS3 sends, for a predeter- 

MS-E determine start timings T,t,...(T<t) for execution of mined time T (for example, 10 seconds), the broadcast 

the location registration by using specific numbers which are information including the location registration timer PRT 

respectively assigned to the mobile stations and are held into which the location registration executing request infor- 

thercin. For example, the mobile station MS-B sends the mation (LR«ON) is inserted. The mobile station MS located 

location registration signal at the first start timing T, so that ^ in the sector 3 (radio zone C3) receives the location regis- 

the location information concerning the mobile station tration executing request information (LRoON), and then 

MS-B can be registered in the home location register HLR sends the location registration signal. Hence, the normal 

by the conventional location registration sequence. The location registration sequence is executed, and the location 

mobile station MS-Asends the location registration signal at information on the mobile station MS is registered in the 

the second start timing t, so that the location information 45 home location register HLR. Then, the base station BSS3 

concerning the mobile station MS- A can be registered in the continues to send the location registration executing request 

hole location register HLR by the conventional location information (LR-ON) until the predetermined time T 

registration sequence. Then, in the same manner as elapses, so that all the mobile stations in the sector 3 can be 

described above, the locations of all the mobile stations registered in the home location register HLR. When the 

which are located in the location registration areas PRAi and 50 predetermined time T elapses, the base station BSS3 returns 

PRA2 are registered in the home location register HLR. the value of the location registration timer part in the 

FIG. 5 is a flowchart of a process for determining the broadcast information to the original value (the location 

timing for location registration, the process being carried out registration executing request LR=OFF). 

by each mobile station. Then, the second base station BSS^ sends, for the prede- 

When the mobile station receives the location registration 5s termined time T, the broadcast information including the 

executing request information (LR=ON) (step 101), it is location registration timer PRT into which the location 

checked whether the lowest digit of the own identification registration executing request information (LR=ON) is 

number X is any of 1 to 9. If the lowest digit X is i (any of inserted. The mobile station MS located in the sector 2 (radio 

1 to 9), the starting time of the location registration is set to zone Cj) receives the location registration executing request 

the time which is i seconds later from the current time (step 60 information (LR-ON), and then sends the location registra- 

103). When the timer indicates the starting time T for the tion signal. Hence, the normal location registration sequence 

location registration (step 104), the location registration is is executed, and the location information on the mobile 

executed (step 105). station MS is registered in the home location register HLR. 

As described above, the mobile stations are grouped (10 Then, the base station BSS2 continues to send the location 

groups in the embodiment shown in FIG. 5), and the location 65 registration executing request information (LR=ON) imtil 

registration is executed in tum in order of groups one by one the predetermined time T elapses, so that all the mobile 

in order to avoid concurrent registration over groups. Hence, stations in the sector 2 can be registered in the home location 
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register HLR. When the predetermined time T elapses, the predetermined time T elapses, the base station BSS^ retixms 

base station BSSj returns the vahie of the location registra- the value of the location registration timer part in the 

tion timer part in the broadcast information to the original broadcast information to the original value (the location 

value (the location registration executing request LRoOFF). registration executing request LR-OFF). 

Similarly, the third base station BSSj sends, for the prede- 5 Then, the mobileservices switching center MSCj sends 

termincd time T, the broadcast information including the the location registration request message to the second base 

location registration timer PRT into which the location station BSS^. Upon receiving the location registration 

registration executing request information (LR-0^f) is request message, the second base station BSS2 sends, for the 

inserted. Hence, aU the mobile stations located in the sector prettetermined time T, the broadcast information mchiding 

1 are registered in the home locaUon register HLR. 10 the locaUon registrauon tmier PRT into which the location 

,1 . -.L L L ^ L . registration execuung request mformation (LR=ON) is 

P^?c'^ "^^^ u^""*" P"""^ base stations in^rted. The mobile station MS located in the radio zone Q 

BSS,-BSS^ operate m the same way as described above. ^^^.^^^ ^^^^^^ registration executing request informa- 

and the location mformation concerning all the mobile ^^^^ (Ul-ON), and then sends the location registration 

stations in the location registration area FRAj is registered signal. Hence, the normal location registration sequence is 

in the home location register HLR, 15 executed, and the location information on the mobile station 

As described above, the mobile stations are grouped in MS is registered in the home location register HLR. Then, 

groups equal in number to the base stations and the location the base station BSS^ continues to send the location regis- 

registration of the mobile stations is earned out in order of tration executing request information (LR-ON) imtil the 

groups one by one so that two or more groups are not predetermined time T elapses, so that all the mobile stations 

concurrently be subjected to the location registration. Hence, in the radio zone can be registered in the home location 

it is possible to prevent abnormal trafBc from occurring register HLR. When the predetermined time T elapses, the 

when the contents of the home location register HLR are base station BSS2 returns the value of the location regislra- 

restored and to efiGciently utilize the system resources. tion timer part in the broadcast information to the original 

(e) Location Registration Executed at the time of Restart- value (the location registration executing request LR=OFF). 

ing the Home Location Register HLR according to the Similarly, the mobileservices switching center MSQ 

Fourth Embodiment: sends the location registration request message to the third 

FIG. 7 shows a- location registration sequence executed at base station BSS3, which then sends, for the predetermined 

the time of restarting the home location register HLR time T, the broadcast information including the location 

according to the fourth embodiment of the present invention. registration timer PRT into which the location registration 

In the fourth embodiment, when the location registration executing request information (LR«ON) is inserted. Then, 

requests are issued to the base stations BSS^-BSSg all the mobile stations located in the sector 3 are registered 

(BSS4-BSS0) via one mobileservices switching center ^ the home location register HLR. 

MSCj (MSC2), the mobileservices switching center MSQ Id parallel with the above process, the base stations 

(MSC2) sends, in order, the location registration request to 35 BSS4-BSS6 operate in the same way as described above, 

the base stations BSS^-BSSj (BSS4-BSS(i) one by one at and the location information concerning all the mobile 

predetermined time intervals T. so that the location regis- stations in the location registration area PRA^ is registered 

tration requests from the mobile stations can be dispersed. in the home location register HLR. 

The management part MG which manages the home As described above, the mobile stations are grouped in 

location register HLR executes the restarting process for the 40 groups equal in number to the base stations and the location 

home location register HLR due to a fault or the hke, and registration of the mobile stations is carried out in order of 

sends the location registration request messages to all the groups one by one so that two or more groups are not 

mobileservices switching centers MSCi-MSCj after the concurrently be subjected to the location registration. Hence, 

restarting process is completed. it ^ possible to prevent abnormal trafiSc &om occurring 

Upon receiving the location registration request 45 when ^e contente of the home location register HLR are 

messages, the mobileservices switching centers restored and to efficiently utihze the system resources. 

MSCi-MSCj send the location registration request mes- (0 Location Registration at the tune of Restarting the 

sages to the base stations BSSJ-BSS3 and BSS4-BSS6 in the Home Location Register HLR according to the Fifth 

predetermined order. Embodiment 

For example, the mobileservices switching center MSQ 50 P^G. 8 shows a location registration sequence executed at 

sends the location registration request message to the first of restarting the home location register HLR 

base station BSS^. Upon receipt of the location registration according to the fifth embodiment of the present invention, 

request message, the first base station BSS-^ sends, for a In the fifth embodiment, when the location registration 

predetermined time T (for example, 10 seconds), the broad- requests arc issued to the base stations BSS-ll-BSS-12, 

cast information including the location registration timer 55 BSS-21-BSS-22. and BSS-31-BSS-32 via the mobileser- 

PRT into whicii the location registration executing request vices switching centers MSC1-MSC3. the management part 

information (LR=ON) is inserted. The mobile station MS MG which manages the home location register HLR issues, 

located in the radio zone Cj receives the location registration in order, the locarion registration requests to the mobileser- 

executing request information (LR=ON), and then sends the vices switching centers MSCi-MSCj at the predetermined 

location registration signal Hence, the normal location 60 time intervals T after the restarting process is completed, 

registration sequence is executed, and the location informa- Upon receiving the location registration requests, the 

tion on the mobile station MS is registered in the home mobileservices switching centers MSQ-MSC3 issue the 

location register HLR. Then, the base station BSSj contin- location registration requests to the base stations BSS- 

ues to send the location registration executing request infor- ll-BSS-12, BSS-21-BSS-22, and BSS-31— BSS-32 at the 

mation (LRoON) until the predetermined time T elapses, so 65 predetermined time intervals t in order, 

that all the mobile stations in the radio zone Q can be For example, the mobileservices switching center MSQ 

registered in the home location register HLR. When the receives the location registration request message first, and 
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sends the locatioQ registration request message to the first 
base station BSS-U. Upon receiving the location registration 
request message, the base station BSS-11, for the predeter- 
mined time t, the broadcast information including the loca- 
tion registration timer PRT into which the location registra- 
tion executing request information (LRoON) is inserted. 
The mobile station MS located in the radio zone of the base 
station BSS-11 receives the location registration executing 
request information (LR=ON), and then sends the location 
registration signal. Hence, the normal location registration 
sequence is executed, and the location information on the 
mobile station MS is registered in the home location register 
HLR. Then, the base station BSS-11 continues to send the 
location registration executing request information (LRb 
ON) until the predetermined time t elapses, so that all the 
mobile stations in the radio zone of the base station BSS-11 
can be registered in the home location register HLR. When 
the predetermined time T elapses, the base station BSS-11 
returns the value of the location registration timer part in the 
broadcast information to the original value (the location 
registration executing request LR-OFE^. 

Then, the mobileservices switching center MSC^ sends 
the location registration request message to the next base 
station BSS-12. Upon receiving the location registration 
request message, the second base station BSS-12 sends, for 
the predetermined period t, the broadcast information 
including the location registration timer PRT into which the 
location registration executing request information (LR= 
ON) is inserted. The mobile station MS located in the radio 
zone of the base station BSS-12 receives the location 
registration executing request information (LR=ON), and 
then sends the location registration signal. Hence, the nor- 
mal location registration sequence is executed, and the 
location information on the mobQe station MS is registered 
in the home location register HLR. Then, the base station 
BSS-12 continues to send the location registration executing 
request information (LR=ON) until the predetermined time 
t elapses, so that all the mobile stations in the radio zone of 
the base station BSS-12 can be registered in the home 
location register HLR. When the predetermined time T 
elapses, the base station BSS-12 retums the value of the 
location registration timer part in the broadcast information 
to the original value (the location registration executing 
request LR=OFF). Thereafter, the mobileservices switch 
center MSC^ sends the location registration request message 
to the other base stations such as the third and fourth base 
stations, and registers the location information on the mobile 
stations. 

When the time T elapses, the management part MG which 
manages the home location register HLR issues the location 
registration request to the next mobileservices switch center 
MSCj, which issues the location registration request to the 
base stations BSS-21, BSS-22, . . . , at the predetermined 
intervals t in order. Upon receipt of the location registration 
request, the base stations send the location registration 
execution request which is set to ON. Hence, the location 
information on the mobUe stations is registered in the home 
location register HLR. Thereafter, the management part MG 
which manages the home location register HLR issues the 
location registration request to the mobileservices switch 
center MSCj each time the lime T elapses. Then, the 
mobileservices switch center MSC3 issues the location reg- 
istration request to the base stations BSS-31, BSS-32, ... at 
the intervals t in order, so that the location information 00 
the mobile stations can be registered in the home location 
register. 

(g) Location Registration at the time of Restarting the 
Home Location Register HLR according to the Sixth 
Embodiment* 
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FIG. 9 shows a location registration sequence executed at 
the time of restarting the home location register HLR 
according to the sixth embodiment of the present invention. 
In the sixth embodiment of the present invention, the 

5 mobileservices switch center MSQ and base stations BSS,- 
are switched eacdi time the re^ective predetermined times 
elapse. According to the sixth embodiment of the present 
invention, the switching is carried out when an upper unit 
receives the location registration request acknowledgement 

10 signal That is, the management part MG for the home 
location register HLR receives the location registration 
request acknowledgement signal, and then issues the loca- 
tion registration request to the next mobileservices switch 
center Hie mobileservices switch centers MSC1-MSC3 

15 send the location registration request messages to the base 
stations BSS-l-BSS-3 under the control thereof, and sends 
the location registration request acknowledgement signals to 
the management part MG upon receipt of these signals from 
the base stations BSS-l-BSS-3. 

^° FIG. 10 shows a variation of the sixth embodiment of the 
present invention. When the location registration requests 
are issued to the base stations BSS-ll-BSS-12, BSS- 
21-BSS-22, and BSS-31-BSS-32 via the mobileservices 
switching centers MSC3-MSC3, the management part MG 
which manages the home location register HLR issues the 
location registration requests to the mobileservices switch- 
ing centers MSC1-MSC3 after the restarting process is 
completed. Upon receiving the location registration 
requests, the mobileservices switching centers MSC1-MSC3 
sends the location registration requests to the base stations 
BSS-ll-BSS-21, BSS-12-BSS-22, and BSS-31-BSS-32. In 
this case, the management part MG for the home location 
register HLR receives the location registration request 
acknowledgement from the mobileservices switching center, 
and then sends the location registration request message to 
the next mobileservices switching center. Each of the 
mobileservices switching centers MSCj-MSCg receives the 
location registration request acknowledgement, and sends 
the location registration request message to the next base 

^ station. If no next base station is available, each of the 
mobileservices switching centers MSC^-MSCj sends the 
location registration request acknowledgement to the man- 
agement part MG for the home location register HLR. 

As described above, the upper unit which sends the 
location registration request message is not required to 
manage the switching time for the lower units, whereby the 
location registration control can be simplified. Further, the 
control shown in FIG. 10 arranges the mobile stations into 
an increased number of groups, so that occurrence of abnor- 
mal trafiEc can be prevented when the contents of the home 
location register HLR are restored, and thus the system 
resources can efficiently be utflized. 
In the above-mentioned embodiments of the present 

55 invention, the location registration executing request infor- 
mation (LR«ON) is inserted into the location registration 
timer part PRT (see FIG. 3) of the broadcast information. 
Alternatively, it is possible to newly provide a location 
registration executing request information part in the broad- 
go cast information and insert the location registration execut- 
ing request in the newly provided part. 

According to the present invention, the mobile stations 
are urged to execute the location registration, so that the 
location information which was lost can rapidly and accu- 

65 rately be restored in the memory means (home location 
register HLR). Further, the location registration executing 
reqiiest information is merely substituted for the periodic 
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location registration informatioa included in the existing 
broadcast information. Hence, there is no need to create a 
newly defined message for indicating the location registra- 
tion and to send and receive it Thus, the location registration 
can easily be controlled and can be implemented without 
any modification of hardware. 

According to the present invention, when the location 
information stored in the memory means (register HLR) 
should be restored after a fault occurs, a location registration 
request is issued to the base stations located in a location 
registration area associated with the memory means. The 
base stations which receive the location registration request 
send the broadcast information including location registra- 
tion executing request information. The mobile stations 
which receive the location registration request, determine 
respective start timings at whidi execution of the location 
registration is started on the basis of identification numbers 
(for example, mobile identification numbers), each specifi- 
cally assigned to and held in respective mobile stations. 
Then, the mobile stations send the location registration 
signal at the respective start timings. Hence, it is possible to 
arrange the timings for the location registration processes 
carried out by the mobile stations in dispersed formation. 
Hence, it is possible to prevent abnormal trafiSc from occiur- 
ring when the contents of the home location register HLR 
are restored and to efficiently utilize the system resources. 

According to the present invention, when the location 
information stored in the mernory means (register HLR) 
should be restored after a fault occurs, a location registration 
request is issued to the base stations located in a location 
registration area associated with the memory means. The 
base stations which receive the location registration request 
send the broadcast information including location registra- 
tion executing request information at predetermined time 
intervals in order. Then, the mobile stations which receive 
the location registration executing request infonnation send 
the location registration signals. Hence, the mobile stations 
can be arranged in groups equal in number to the base 
stations, and the location registration can be carried out for 
each group in order. Hence, it is possible to prevent abnor- 
mal traffic from occurring when the contents of the home 
location register HLR are restored and to efficiently utilize 
the system resources. 

According to the present invention, in a case where the 
location registration request is issued to the base stations via 
a plurality of mobileservices switching centers, the location 45 
registration request is issued to the mobileservices switching 
centers one by one at first time intervals in order. Then, the 
mobileservices switching centers which receive the location 
registration request issues the location registration request to 
the base stations at second time intervals in order. Hence, it 
is possible to arrange the mobile stations into an increased 
number of groups, whereby occurrence of abnormal traffic 
can be prevented when the contents of the home location 
register HLR are restored, and thus the system resources can 
efficiently be utilized. 

According to the present invention, in a case where the 
location registration request is issued to the base stations 
located in a location registration area by a mobileservices 
switch center, the mobileservices switch center issues, upon 
receiving a location registration request acknowledgement 
from one base station, the location registration request to the 
next base station. Hence, the upper unit which sends the 
location registration request message is not required to 
manage the lime for switching between the lower units, and 
can easily execute the location registration control. 

As many apparently widely different embodiments of the 
present invention can be made without departing from the 
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Spirit and scope thereof, it is to be xinderstood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 
What is claimed is: 

1. A location registration method for a mobile radio 
communication system wherein information to be com- 
monly supplied to all mobile stations is broadcasted by base 
stations, and each time a mobile station moves to a different 
location registration area, location information indicating a 
location registration area in which said mobile station is 
located is registered in memory means on the basis of a 
location registration signal sent by said mobile station, and 
wherein, when a call directed to a mobile station is received, 
simultaneous paging is carried out, on the basis of the 
location information read from the memory means, via the 
base stations located in a location registration area in which 
the called mobile station is located, said location registration 
method comprising the steps of: 

issuing, when the location information stored in the 
memory means should be restored after a fault occurs, 
a location registration request to the base stations 
located in a location registration area associated with 
the memory means; 

sending, from the base stations which receive the location 
registration request, the broadcast information includ- 
ing location registration executing request information; 

sending the location registration signals from the mobile 
stations which receive said location registration execut- 
ing request information; and 

restoring the location information into the memory means 
based upon the location registration signals from the 
mobile stations. 

2. The location registration method as claimed in claim 1, 
wherein said location registration executing request infor- 
mation is substituted for periodic location registration infor- 
mation originally contained in the broadcast information. 

3. A location registration method for a mobile radio 
communication system wherein information to be com- 
monly supplied to all mobile stations is broadcasted by base 
stations, and each lime a mobile station moves to a different 
location registration area, location information indicating a 
location registration area in which said mobile station is 
located is registered in memory means on the basis of a 
location registration signal sent by said mobile station, and 
wherein, when a call directed to a mobile station is received, 
simultaneous paging is carried out, on the basis of the 
location information read from the memory means, via the 
base stations located in a location registration area in which 
the called mobile station is located, said location registration 
method comprising the steps of: 

issuing, when the location information stored in the 
memory means should be restored after a fault occurs, 
a location registration request to the base stations 
located in a location registration area associated with 
the memory means; 

sending, from the base stations which receive the location 
registration request, the broadcast information includ- 
ing location registration executing request information; 

determining, in mobile stations which receive the location 
registration executing request information, respective 
start timings at which execution of the location regis- 
tration is started, on the basis of identification numbers 
each specifically assigned to and held in respective 
mobile stations; 

sending the location registration signals from the mobile 
stations at the respective start timings; and 
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restoring the location information into the memory means 
based upon the location registration signals &om the 
mobile stations. 

4. A location registration method for a mobile radio 
communication system wherein information to be com- 
monly supplied to all mobile stations is broadcasted by base 
stations, and each time a mobile station moves to a different 
location registration area, location information indicating a 
location registration area in which said mobile station is 
located is registered in memory means on the basis of a 
location registration signal sent by said mobile station, and 
wherein, when a call directed to a mobile station is received, 
simultaneous paging is carried out, on the basis of the 
location information read from the memory means, via the 
base stations located in a location registration area in which 
the called mobile station is located, said location registration 
method comprising the steps of: 

issuing, when the location information stored in the 
memory means should be restored after a fault occurs, 
a location registration request to the base stations 
located in a location registration area associated with 
the memory means; 

sending, from the base stations which receive the location 
registration request, the broadcast information includ- 
ing location registration excuting request information 
at predetermined time intervals in order; 

sending the location registration signals from the mobile 
stations which receive said location registration execut- 
ing request information; and 

restoring the location information into the memory means 30 
based upon the location registration signals from the 
mobile stations. 

5. The location registration method as claimed in claim 4, 
wherein, in a case where the location registration request is 
issued to the base stations located in the location registration 35 
area by a mobileservices switching center, said mobileser- 
vices switching center issues the location registration 
request to the base stations one by one at predetermined time 
intervals in order, 

6. The location registration method as claimed in claim 4, 40 
wherein: 

in a case where the location registration request is issued 
to the base stations located in a plurality of location 
registration areas via a plurality of mobileservices 
switching centers each of which corre^onds to each of 45 
the location registration areas, the location registration 
request is issued to the mobileservices switching cen- 
ters at first time intervals in order; and 

each of the mobileservices switching centers which 
receive the location registration request issues the loca- 
tion registration request to the base stations located in 
the corresponding location registration area at second 
time intervals in order. 

7. A location registration method for a mobile radio 
commimication system wherein information to be com- 
monly supplied to all mobile stations is broadcasted by base 
stations, and each time a mobile station moves to a different 
location registration area, location information indicating a 
location registration area in which said mobile station is 
located is registered in memory means on the basis of a 
location registration signal sent by said mobile station, and 
wherein, when a call directed to a mobile station is received, 
simultaneous paging is carried out, on the basis of the 
location information read from the memory means, via the 
base stations located in a location registration area in which 65 
the called mobile station is located, said location registration 
method comprising the steps of: 
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issuing, when the location information stored in the 
memory means should be restored after a fault occurs, 
a location registration request to a mobileservices 
switching center associated with the memory means; 

issuing, by the mobileservices switching center, a location 
registration request to one of the base stations under 
control of the mobileservices switching center, 

sending, from said one of the base stations which receive 
the location registration request, the broadcast infor- 
mation including location registration executing 
request information; 

sending the location registration signals from said mobile 
stations which receive said location registration execut- 
ing request information; 

issuing the location registration request to a next one of 
the base stations after a location registration request 
acknowledgement sent by said one of the base stations 
is received; and 

restoring the location information into the memory means 
based upon the location registration signals from the 
mobile stations. 

8. A mobile radio communication system wherein infor- 
mation to be conunonly supplied to all mobile stations is 
broadcasted by base stations, and each time a mobile station 
moves to a different location registration area, location 
information indicating a location registration area in which' 
said mobile station is located is registered in memory means 
on the basis of a location registration signal sent by said 
mobile station, comprising: 

means for issuing, when the location information stored in 
the memory means should be restored after a fault 
occurs, a location registration request to the base sta- 
tions located in a location registration area associated 
with the memory means; and 

means for sending, from the base stations which receive 
the location registration request, the broadcast infor- 
mation including location registration executing 
request information so that the mobile stations which 
receive said location registration executing request 
information can send the location registration signals; 
and 

means for restoring the location information into the 
memory means based upon the location registration 
signals from the mobile stations. 

9. The mobile radio commimication system as claimed in 
claim 8, wherein said location registration executing request 
information is substituted for periodic location registration 
information originally contained in the broadcast informa- 
tion. 

10. A mobile station for using a mobile radio communi- 
cation system, which register location information indicat- 
ing a location registration area in memory means by a 
location registration signal in case of moving to a different 
location registration area, comprising: 

means for receiving broadcast information including a 
location registration executing request information 
issued from base stations which receive location reg- 
istration request, when the location information stored 
in the memory means should be restored after a fault 
occurs; 

means for determining a start timing at which execution 
of the location registration is started, on the basis of 
identification number specifically assigned; and 

means for sending the location registration signal at the 
start timing. 
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11. A mobile radio communication system wherein infor- 
mation to be commonly supplied to all mobile stations is 
broadcasted by base stations, and each time a mobile station 
moves to a different location registration area, location 
information indicating a location registration area in which 
said mobile station is located is registered in memory means 
on the basis of a location registration signal sent by said 
mobile station, comprising: 

means for issuing, when the location information stored in 
the memory means should be restored after a fauh 
occurs, a location registration request to the base sta- 
tions located in a location registration area associated 
with the memory means; 
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means for sending, from the base stations which receive 
the location registration request, the broadcast infor- 
mation including location registration executing 
request infonnation at predetermined time intervals in 
order so that the mobile stations which receive said 
location registration executing request information can 
send the location registration signal; and 

means for restoring the location information into the 
memory means based upon the location registration 
signals from the mobile stations. 
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